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Easy ruthenium-catalysed oxidation of primary amines to nitriles 
under oxidant free conditions 
Thierry Achard,*a Julien Egly,a Michel Sigrist,a Aline Maisse-François,a Stéphane Bellemin-Laponnaz*a 
Abstract: A dehydrogenation of primary amine to give the 
corresponding nitrile under oxidant- and base-free conditions 
catalysed by simple [Ru(p-cym)Cl2]2 with no extra ligand is reported. 
The system is highly selective for alkyl amine whereas benzylamine 
derivatives gave the nitrile product together with the imine in ratio 
ranging from 14:1 to 4:1 depending on the substrate. Preliminary 
mechanistic investigations have been performed to identify the key 
factors that govern the selectivity. 
Nitrile is a valuable functional group which gives rise to 
different class of organic molecules.1 Structurally diverse nitrile-
containing compounds are present in many natural products,2 
medicinal drugs,3 and involved in industrial processes.4 
Conventional approaches for nitrile synthesis1b such as 
Sandmeyer reaction,5 the Rosenmund-von Braun reaction,6 the 
dehydration of amides/oximes,7 metal-catalysed cyanation,7 
oxidation of primary amine using iodine based-8 or metal-
catalysts9,10 and others7, 11 generally involve complicated 
operations, heavy metal waste, toxic reagents (e.g., KCN or 
CuCN), with restricted reactivity and poor selectivity12 or harsh 
reaction conditions. 
Acceptorless Dehydrogenation (AD)13 of primary amine has 
emerged as an elegant alternative in which a double 
dehydrogenation takes place, producing H2 gas as the sole by-
product and thus produces non-toxic waste. However, relatively 
few catalysts have been reported for the dehydrogenation of 
amine13a, 14 in contrast to alcohol.13, 15 Among those, only few 
avoid the use of excess oxidant and they achieve either low 
conversion or require exogenous additives (bases and/or 
sacrificial hydrogen acceptor) under harsh conditions.14 Beside 
this, the reaction selectivity remains an issue due to the 
competition between the second dehydrogenation and the 
transamination pathway.13, 16 
So far, only a few rare examples are known in the literature 
for the highly selective transformation of primary amine into 
nitrile under acceptorless and oxidant-free conditions (Scheme 
1).17 The first example was reported in 2013 by Szymczak17a 
with bis(2-pyridylimino)isoindolate Ru(II) hydride derivative 1 as 
catalyst. Ru p-cymene NHC complexes 2 were found active 
albeit with moderate selectivity,17d however the catalyst can be 
recycled for alternative hydrogen storage purpose.18 Finally, very 
recently Ru(II) p-cymene pyrazole 3 system displayed good 
selectivity however it requires the addition of a strong base to 
achieve high reactivity.17e 
 
Scheme 1. Selective formation of nitrile without hydrogen acceptor additive 
and under oxidant free condition. 
While evaluating ruthenium complexes with various ancillary 
ligands for this reaction, we found that a simple Ru(II) precursor 
(i.e. [Ru(p-cym)Cl2]2) may act as an efficient catalyst. Indeed, in 
some metal-catalysed reactions the addition of ancillary ligands 
is unnecessary, since the substrate itself can serve as a 
ligand.19 Herein, we explored the amine dehydrogenation under 
oxidant- and base-free conditions with [Ru(p-cym)Cl2]2 as 
precatalyst. Under optimised conditions alkyl amines were 
selectively converted into the nitrile derivatives. Benzyl amine 
substrates also gave the expected product albeit together with 
little of the imine. We also conducted some experiments to have 
better insight into the active species. 
Initially, we studied the model reaction using benzylamine20 
to establish an efficient catalytic system for benzonitrile 
synthesis (Table 1). The reactions were conducted for 24h at 
110 °C in 1,2-dichlorobenzene (ODCB) in an open vessel under 
inert atmosphere.21 Several classical Ru precursors were then 
evaluated and a complete disappearance of the amine was 
observed in all cases (5 mol% cat., Entries 1-5). However, 
among them only [Ru(p-cym)Cl2]2 was found to selectively 
generate the benzonitrile as the sole product thanks to the 
analysis of both 1H NMR and GC spectra of reaction mixtures. 
Consistent with Szymczak observation,17a-c only trace of nitrile 
was observed in a closed system under our conditions (Entry 6). 
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In addition, under our conditions with an atmosphere of O2, in a 
closed system, the reaction is less selective producing 
undesired benzaldehyde (ca. 10%) as by-product.8b, 12e-g Further 
optimisation studies showed that dry 1,2-dichlorobenzene, 1M 
concentration of amine and 2.5 mol% of ruthenium was the best 
combination among a variety of solvents, concentrations and 
catalyst loadings (see SI). 22  
Table 1. Evaluation of benzylamine oxidation under varying conditions.[a] 
 
Entry 1[a] [Ru] Conv 
(%)[b] 
Selectivity (%)[b] 
4                       5 
1 Ru(acac)3 100 80 20 
2 [CpRu(CH3CN)3][PF6] 100 75 25 
3 Ru3(CO)12 100 73 27 
4 [Ru(benzene)Cl2]2 100 86 14 
5 [Ru(p-cym)Cl2]2 100 100 0 
6[c] [Ru(p-cym)Cl2]2 5%< 0 100 
7[d] [Ru(p-cym)Cl2]2 100 86 11 [e] 
[a] Reaction conditions: benzylamine (0.2 mmol), 5 mol% cat. based on Ru 
and 1,2-dichlorobenzene (0.2 mL), 110 °C, 24h, open vessel under argon 
atmosphere; [b] Conversion and selectivity were determined by 1H RMN, 
internal reference hexadecane; [c] Closed system under argon atmosphere. 
[d] H2O (0.2 mmol). [e] presence of 3% of benzaldehyde 
Next, a series of amine substrates was examined under the 
optimized conditions (Tables 2 and 3). Non-benzylic amines 
generated corresponding nitriles as the exclusive product in 
good yield after chromatographic purification on SiO2 (6-15). 
Only the crowded adamantylamine was found less selective by 
producing small amount of non-desired imine in a ratio of 6 to 1 
in the crude product. Nonetheless, the expected product (16) 
was isolated in 65% yield. Aliphatic amines showed good 
reactivity, whether for short or long carbon chains. Both 
geranylamine and oleylamine gave geranylnitrile (11) and 
oleonitrile (12) in 50 and 67% yield, respectively, where double 
bonds remained unaltered.  
Electronic and steric effects were evaluated trough different 
substitution pattern on benzylic substrates (Table 3). Whereas 
benzylamine gave benzonitrile as a sole product, introduction of 
substituents onto the phenyl ring induced the formation of imines 
as secondary product. In all cases, amines were totally 
consumed to generate nitriles together with imines at different 
ratios. The presence of a substituent in para is well tolerated by 
the system giving good level of selectivity. In contrast, the 
presence of a substituent in ortho- or meta-position led to a 
decrease of selectivity (compare 17 with 18, 19 with 20 and 21 
or 22 with 23). This lower selectivity can be attributed either to 
the coordinating nature or the steric bulk of the ortho-groups, 
which might interfere with the metallic centre. Electron-
withdrawing groups cause a greater loss of nitriles selectivity, 
notably for the most electron attractive p-CF3 group (26) that 
gave a 4/1 nitrile/imine ratio. Those moderate yields are due to 
the hydrolysis of imine derivatives into aldehydes, during the 
purification step, which possess very close Rf with the 
corresponding benzyl-nitriles compounds and thus make their 
separation very difficult. 
Table 2. Substrate scope for [Ru(p-cym)Cl2]2 catalyzed oxidation of primary 
alkyl amine to nitrile.[a] 
 
[a] Reaction conditions: amine (0.2 mmol), 1.25 mol% [Ru(p-cym)Cl2]2, and 
1,2-diclhorobenzene (0.2 mL), 110 °C, 24h in open vessel under argon 
atmosphere. Yields refer to isolated products.  
Table 3. Substrate scope for [Ru(p-cym)Cl2]2 catalyzed oxidation of benzylic 
amines to nitriles.[a] 
 
          
 
 
 
 
[a] Reaction conditions: amine (0.2 mmol), 1.25 mol% [Ru(p-cym)Cl2]2, and 
1,2-diclhorobenzene (0.2 mL), 110 °C, 24h in open vessel under argon 
atmosphere. Yields refer to isolated products.  
The reactivity of dibenzylamine and indoline has also been 
studied under our experimental conditions (SI, Figure S8). The 
use of [Ru(p-cym)Cl2]2 complex afforded the selective imine 
product for dibenzylamine however the reaction was rather slow 
compared to primary amine as only 25% conversion was 
achieved after 24h of reaction. On the other hand, indoline was 
cleanly converted into the sole indole as shown by both 1H NMR 
and GC analyses. 
To shed light on the reaction mechanism, we conducted 
various experiments. First, the reaction profile of benzylamine 
dehydrogenation catalysed by [Ru(p-cym)Cl2]2 followed over 
time shows that the system requires a 3h induction period likely 
to form the catalytic active species (see SI). This is also 
consistent with our observation that in each catalytic test, 
immediately after adding the amine substrate, the solution 
turned yellow and then gradually dark-red after a few hours at 
110 °C. 
The homogeneous nature of the catalytic system was 
confirmed by the addition of ≈ 300 equivalents of Hg(0) which 
did not affected the formation of benzonitrile.23 In addition, a 
poisoning experiment using 0.5 equivalent of 1,10-
phenanthroline vs. [Ru] induced an increase of imine formation 
with a product distribution of 3/1 nitrile/imine. However, addition 
of up to 50 equivalents of 1,10-phenanthroline did not poison the 
reaction, but instead promoted the formation of the sole imine 
product. 
Nitrile functional groups are well known in coordination 
chemistry to be good ligand for transition metals thereby they 
can contribute to the activity of the catalyst or compete with the 
substrate and inhibit the system. Addition of 4 equivalents of 
benzonitrile vs. [Ru] in the media led to a slight increase of the 
reaction rate of benzylamine (51% conv. after 6h instead of 33% 
conv.). However, competitive binding of nitrile to active Ru 
species appeared while using a large excess of benzonitrile 
(2000 equivalents vs. [Ru]) where only 62% conversion was 
observed after 24h. 
In the presence of the only N-Benzylidenebenzylamine 5 and 
the ruthenium complex, no reaction occurred. Additionally, the 
reaction carried out in presence of imine 5 and n-octylamine 
showed total consumption of the amine after 24h and produced 
benzonitrile 4, n-octylnitrile 7 and the transimination product 27 
(confirmed by both GC and 1H NMR spectra analysis) along 
unreacted 5 (scheme 2).24 Other cross coupling imine and auto-
coupling products from n-octylamine were never observed. This 
cross experiment indicates that the short-lived intermediate 
aldimine from n-octylamine undergo quick second 
dehydrogenation step rather than the transamination process.  
 
Scheme 2. Competition experiment between imine 3 and octylamine under 
oxidant free condition 
Finally, NMR experiments were achieved by the sequential 
addition of benzylamine to a CD2Cl2 solution of [Ru(p-cym)Cl2]2 
and evolution was followed by 1H NMR over the time. After 
addition of 2.4 equiv. of BnNH2, a rapid formation of neutral 
complex Ru(p-cym)Cl2(BnNH2) was observed (Figure 1, c).25 
The slight excess of benzylamine (signal at 3.88 ppm) allows the 
system to evolve slowly towards the formation of a new species 
(see d). 1H NMR spectra shows appearance of two new sets of 
characteristic signals of coordinated benzylamine respectively at 
δ 4.20 and 3.98 ppm for the benzylic protons and at 6.35 and 
2.32 ppm for those of the NH2. In other hands, typical signals of 
coordinated p-cymene were shifted downfield. The mixture of 
the two complex did not evolved even after 4 days for which 
[(BnNH2)Ru(p-cym)Cl2] is the major specie (see d). Finally, 
addition of two more equivalents of amine lead to the total 
conversion of the remaining [(BnNH2)Ru(p-cym)Cl2] in a new 
ruthenium complex (Figure 1, e) and the complex did not 
evolved even after 48h. 2D NMR analyses of the mixture 
advocate the formation of a cationic [Ru(p-cym)Cl(BnNH2)2]+Cl- 
complex on which two BnNH2 molecules are coordinated. 
Noteworthy, doing the same experiment with octylamine 
provided similar ruthenium cationic species (see SI).  
 
Figure 1. In situ formation of [Ru(p-cym)Cl(BnNH2)2]+Cl-. (a) isolated complex 
[Ru(p-cym)Cl2(BnNH2)]; (b) complex [Ru(p-cym)Cl2)]2; (c) addition of 2.4 equiv 
of BnNH2; (d) after 19h; (e) after 4 days; (f) addition of 2 equiv of BnNH2, 
spectrum after 19 h.. 
At 110°C, the well-defined complex [(BnNH2)Ru(p-cym)Cl2] 
stayed totally unchanged. However, addition of 10 equivalents of 
BnNH2 to reaction mixture lead to the total consumption of both 
the [(BnNH2)Ru(p-cym)Cl2] complex and BnNH2; no more Ru(p-
(b)
(c)
(d)
2.4 eq BnNH2
2eq BnNH2
(e)
(f)
[Ru(cym)Cl2]2
(a)
          
 
 
 
 
cym) species were detected by 1H NMR and we observed free 
cymene ligand in solution along the formation of benzonitrile. 
Same result was obtained starting with the [Ru(p-cym)Cl2]2 
precursor. In each case, the characteristic N-H and C-H signals, 
around 9-8 ppm, for the coordinated aldimine intermediate has 
never been observed.26 We propose that the coordination of the 
amine is directly followed by a loss of H2 to afford an aldimine 
intermediate which remains bound to the ruthenium center. This 
species presumably undergoes a faster dehydrogenation 
reaction, to afford a Ru-nitrile adduct, than either its direct attack 
by benzylamine or its release in the media to conduct to imine 
compound. Then rather labile nitrile on ruthenium might be 
substituted by amine substrate at low nitrile concentration but 
this process exchange might be slow down at high concentration. 
In summary, we have developed a straightforward access to 
nitrile from amine by employing a commercially available 
ruthenium precursor with no need of additional ligand. This 
reaction features no oxidant or base and is highly selective with 
alkylamine derivatives. Good activity was also observed with 
benzyl amine albeit with some imine as by-product. Further 
studies to improve the system are currently underway in our 
laboratory. 
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